Abstract. There is a demand for computational methods assisting learners to generate relevant associations for current context. Many concepts in natural language have ambiguous meanings implying alternative ways to define associations for them. It is crucial to develop collaborative methods that support free experiments with promising conceptual structures in learning. Methods for evaluating these structures in respect to the person's needs are also required. We propose a new collaborative ideation scheme and based on that we have implemented an assistive tool for learning conceptual structures in a collaborative Web environment.
Introduction
Learning new conceptual structures is a strongly personal and sensitive process. A learner needs to adopt meanings of new concepts and associate them in respect to her previous knowledge. Since establishing new associations is a highly subconscious process it is hard to explain and measure its success. The skills required for building rich mental conceptual structures are critical for learning and today's increasing information flow makes these skills even more important.
Developing support for conceptual learning is favourable in many ways since linguistic abilities are essential in all social interaction and with most software user interfaces. Thus, it seems profitable to develop new collaborative platforms that address conceptual learning. New collaborative tools are needed also among people with special needs to support for example cognitive abilities and concentration.
It has been long recognized that gaining fluent skills to read and to express oneself with language are motivated by rich communication [1] . This implies that varied collaborative environments should be introduced to everyday activities of a learner. Besides face-to-face communication also web-based collaborative platforms can provide additional support for challenged learners [2] . Since interpreting and understanding natural language still mainly remains as an unsolvable computational problem, in current research it seems feasible to focus on developing support systems that enhance learning processes on general level instead of trying to mimic the evolution of learner's knowledge with vague models. General approach avoids forced learning paths and triggers that often plague educational software and instead activates learner's own motivation and inspiration.
Our new learning tool lets people to explore word associations in collaboration and thus to get unformally practiced with vocabulary and grammer. This collaborative learning is based on creative problem solving model which largely relies on ideation method. A concrete goal is to build a mutually agreed concept map online.
Previous research

Conceptual structures
In education, conceptual relationships have been widely represented with a concept map, i.e., a graph of nodes labelled with concepts that are connected with labelled directed edges depicting their relationships. Despite the broad usage of concept mapping, all the potential of this compact notation has not yet been unleashed [3] .
By building and modifying a visual concept map each learner can express and reflect her own mental conceptual structures: what are the meanings for each concepts and how they are related. In addition, the process of building a concept map allows to explore alternative conceptual structures and to compare them flexibly in a constructive manner. Especially when collaborating using a shared concept map, the learners can complement each other fruitfully by providing feedback and further ideas. Also automated evaluation of built concept maps [4] and solutions addressing special needs [5] have been proposed.
However, building conceptual structures, especially in primary and special education, is often faced with confusion or lack of motivation. To address this, creative learning strategies are needed to boost creative thinking by helping the learner to get inspiration, to achieve a new perspective and to focus her attention to things that support creation of a new idea [6] .
As a computational approach for semantics Gärdenfors has suggested a model of conceptual spaces for representing the meanings of different kinds of linguistic expressions [7] . In addition, Fauconnier and Turner have argued about the human talent to create great arrays of conceptual variety that can be compressed into manageable regularities and connected to large mappings [8] . Also, Gero's FunctionBehaviour-Structure model of conceptual design has offered methodology to manage with creative process [9] .
Collaboration
Various models have been developed to explain dynamic social processes. Competing Values Framework (CVF) [10] and its variation Innovation Genome Model (IGM) [11] are used to classify collaboration patterns both on individual and organizational level (see Fig. 1 ). CVF was originally developed from research on the major indicator of effective organizations by asking workers to assess the relative similarity of pairs of effectiveness measures [10] . Statistical analysis of these results provided a consistent conceptualization reducing to two major dimensions. CVF has been widely accepted and adopted as an analysis tool for enhancing organization processes [12] . IGM is a more recent variation of CVF developed for understanding specifically the different types of innovations that exist in organizations. In brief, the models have been orginally developed for other context that education. Despite some differences and overlapping terminology, both CVF and IGM essentially use two dimensions that deal with internal-external orientation and flexibility-stability orientation. These two dimensions form four quadrants and both individuals and organizations can be classified to correspond one of them based on their dominant characteristics. Each quadrant represents different qualities that are present in a typical collaboration work. It has been shown that taking into account all of them enables a balanced collaboration workflow [13] .
From organizational effectiveness viewpoint, each quadrant in CVF is said to represent one major model of management and to be associated with certain tasks. These models and some of their tasks include: open system model (flexibility and readiness), rational goal model (planning and goal-setting), internal process model (information management and communication) and human relations model (cohesion and morale). One variant of CVF establishes four leadership roles corresponding to previously introduced models: innovator-broker, producer-director, coordinatormonitor and facilitator-mentor. Effective managers are expected to be able to balance the competing demands belonging to all of these roles. Besides in leaders themselves, the all CVF roles can be expected to emerge in all members of a collaborating community [14, 15] .
In IGM, each quadrant represents characteristics that produce different forms of value and innovation for specific situations. The quadrants show four organizational strengths reflecting both collective and individual practices. The quadrant names and their aims include: create (innovation and growth), compete (speed and profit), control (efficiency and quality) and collaborate (knowledge and community). It has been considered profitable to work in a group that comprises people representing all quadrants in a complementing way [11] .
Both CVF and IGM have various more detailed variants and besides them there are also other more complex models concerning organizational productivity and innovation [16] .
Collaborative ideation scheme
User-initiated ideation
We propose a new collaborative ideation scheme that is based on CVF and IGM and implemented in a platform tool. Following the models, each collaborator role is given to a person best matching its qualities. During ideation session the system monitors activity patterns of each role and if they differ from expected profiles more than 20 % the system asks the representatives of this role to adjust that activity.
We recognize the apparent simplicity of CVF and IGM supporting our scheme and the risk of oversimplifying the complexity involved in collaboration. However, these models have established a longstanding reputation and by using them a large variety of experimental data has been produced enabling rich comparative analysis [17] . We also think that while aiming at more detailed theories about efficient collaboration it is still advisable to first start with careful low dimensional analysis. Once we have gained enough experience in our application domain with these two dimensional models we are prepared to gradually increase the amount of observable parameters.
The scheme suggests computer-assisted collaboration using following steps: formation of a group, identification of a collaborator role for each participant, sharing responsibilities according to person's collaborator role and enabling rich textual dialogue with visualizations. We see concept maps as a valuable tool to synthesize and distribute work in collaboration. The system should monitor collaboration activities and especially that personal responsibilities become fulfilled. If not, the system should provide guidance messages to restore desired activity patterns. In favour of flexible asynchronous communication, we exclude use of audio dialogue.
A key aspect of the scheme is that the participants are expected to communicate and decide themselves together about timetables, tasks to be done and division of the work. They are also responsible for themselves to really make creative efforts and to process information meaningfully since the monitoring system does not have any artificial intelligence. The system keeps track of the collaboration activities. Only if the monitored collaboration patterns greatly differ from a predefined standard flow of actions the system will intervene and give personal guidance to foster collaboration.
Requirements for platform
We suggest that productive computer-assisted collaboration can be based on even rather modest set of shared tools. Especially in educational domain, this ensures that complexity does not hinder intuitive usability of tools [18] . We think that computerassisted collaboration should enable participants to work at times and in locations that best suit for them, thus working asynchronously over the Web. For us it seems that a text based discussion forum supplemented with a shared concept map could serve basic communicational needs well enough for ordinary learning scenarios.
We propose that a collaborative ideation platform should provide functions to accomplish at least following tasks: to suggest new ideas accompanied with explanations, to refer to earlier suggested ideas, to comment others' ideas, to send coordination messages for selected recipients, to synthesize ideas into compact graphical notation and to distribute topics for reconsideration from graphical notation. We suggest creating a log of all actions into a database each action associated with a timestamp and contributor's name, and providing a possibility to revert back to earlier states in the ideation. It would be good to have a possibility to review filtered sets of previous actions using some criteria, like type of action or contributor.
In our proposed scheme each collaborator gets responsibility of accomplishing tasks belonging to one quadrant of IGM closest to her. However, she may freely contribute to other tasks as well. We have tried to list some common tasks for collabaration platform that are associated with each quadrant of IGM (see Table 1 ). We think that tracking these tasks can enable generating automatically appropriate personal support in the proposed scheme. It needs to be emphasized that due to space constraints, our presentation here focuses only on some illustrative examples. 
The collaborative ideation session is started with registration of all participants. Everyone is asked to fill in a competing values self-assessment questionnaire that is adapted from [19] and measures collaborator roles. Based on the highest ranking set of questions the most matching collaborator roles are given to participants while ensuring that each of the four roles are taken by someone. Each participant also receives a unique user account to distinguish between collaborators.
After the roles have been given, collaborators have a short warm-up. This typically includes first introducing the collaborators to each other, some social icebreaking, defining the topic of ideation and agreeing about general principles about coordination and timetable. Even if the goal may not be very clear yet, it can be practical to set some initial aims for how the ideation process can be expected to become finished.
Activity frequency distribution
Various working strategies have been suggested in literature for collaborative knowledge construction [20] . In the proposed scheme, a group can freely decide itself the time span for the ideation session and the timing patterns for contribution of each collaborator. A variety of time scales and activity frequency distributions can work well in collaboration [21] . We think that efficient timing practices can be adopted from real life activity patterns as people use basic functions of a collaboration platform defined above. Since personal variations can interfere measuring activity patterns experimentally we have decided to first estimate patterns analytically.
By analysing lists of typical activities identified for each collaborator role [10, 11, 22, 23, 24] we propose heuristically coarse frequency distributions for some activities performed with a collaboration platform (see Table 2 ). These relative frequencies try to loosely indicate how some activities are expected to be performed more by certain collaborator roles than by others. For example, persons having a Control role would refer to earlier suggested ideas on average four times more often than persons having a Compete role. Naturally, the proposed frequencies can only modestly approximate the real context-dependent activity patterns but we suggest that they can serve as a starting point for further elaboration. Due to space constraints, we can show here only some examples. Experimental testing is needed to acquire the real frequency values. 
Overview
We have implemented the proposed collaborative ideation scheme in a web-based prototype application with Java. Fig. 2 shows an overview of the user interface.
Fig. 2.
User interface of the prototype.
After registration and warm-up (see chapter 3.2) the application proceeds to the actual collaborative ideation session that consists of user-initiated literal and graphical dialogue that is systematically stored into a database. Aim is to explore word associations through dialgoue and to synthesize newly learned structures to a mutually agreed concept map. The dialogue is performed in a spontaneous order but the system monitors that the activity frequencies for each collaborator role defined above are met. This should ensure most productive collaboration. If a frequency becomes departed over 20 % from the suggested value for some collaborator role and activity, the system sends an automated message to the representatives of this role asking them to adjust that activity. If the situation does not change after three reminders the system sends a notice also to other collaborators. All collaborators are encouraged to take part in all activities but with a frequency most natural to their collaborator role.
The proposed scheme can be applied with any size of group. For easy illustration we introduce the scheme with four persons that conveniently match the roles of IGM. With more that four persons some collaborator roles may become shared. With less than four persons requires a person being responsible for several roles. The scheme can be applied even in single mode if a person takes each role one at time in a cycle.
Operation
In the current prototype each collaborator activates her own personalized view by selecting a correct user account from the User account pull-down menu. Then a message board on the left begins to show only messages aimed at her. These messages can be sent by other collaborators or generated automatically by the system.
On the top there is a row of scrollable text boxes. Each one is dedicated to show all ideas generated by one collaborator role of IGM in chronological order with time stamps. With over four persons, the roles become shared and individuals differentiated by font colors. In the leftmost text box all ideas together are shown in just one chronological list.
According to her intuition, each collaborator can publish ideas and messages by writing them into corresponding text boxes. The distinction here is that ideas box is reserved for actual new innovative knowledge concerning the chosen topic whereas message box is meant for all other communication. Thus messages include for example explanations accompanying the ideas, explanations accompanying edits in a shared concept map, comments about others' ideas or coordination about workflow. By using checkboxes the messages can be aimed at selected set of collaborators only, thus reducing excessive cognitive load in collaboration.
Besides writing, each collaborator can also build and edit a shared concept map on the drawing area. By using a specific text box and two pull-down menus new nodes and arcs can be added with appropriate labels and also existing nodes and arcs can be modified. Aim with the concept map is to form a mutually agreed compact visual synthesis about ideas expressed elsewhere in written form. In addition, based on this visualization coordination about remaining ideation work can be performed intuitively and distributed through messaging.
If one wants to comment or further elaborate something previously proposed item (idea, message, map edit etc.), it should be referenced by its unique time stamp and contributor's name. This enables the system to track relations between individual contributions and how synthesis is drawn or how topics are distributed for reconsideration. If a collaborator needs some stimulation for producing new ideas she can request a list of currently related concepts that are then retrieved from Wikipedia articles by pressing button Suggest inlinks or Suggest outlinks. Suitable concepts from the retrieved list can be then added directly to the shared concept map by pressing button Selected to map.
Once the collaborator has finished adding text to text boxes and/or making changes in the concept map she is ready to submit her current contribution to the system and thus to share it with others. By pressing Submit button all additions and edits, both written and graphical, are saved to MySQL database in encoded text format accompanied with current timestamp and contributor's name. By pressing Retrieve button each collaborator can update the platform to show the most recent contributions in collaborative ideation. It is possible to revert back to earlier states in the ideation process by selecting appropriate state from History pull-down menu.
Preliminary user tests
We have carried out preliminary user tests with the prototype with five volunteers of varied background. These tests have indicated that the proposed scheme can support collaborative ideation and learning conceptual structures on pretty easy level. The scheme appears to combine completing strengths favourably also in special education. Due to constant need of new assistive tools for people with special needs, it seems well worth to make further research with the proposed scheme in this area.
Interesting finding was that the scheme can enhance initiative since the learning process can take various adaptive forms. If proceeding in the conceptual structures becomes blocked in one direction the tool allows flexibly to swift to a new perspective. This effectively prevents frustration that often arrives with other learning tools. Learners can also develop skills of comparing different approaches. Finding mutual understanding appears to be well supported despite of individual perspectives.
The individual strengths and cohesion of the group strongly affect the lifecycle of collaboration. Thus, it is difficult to reliably draw conclusions about success of a collaborative ideation scheme with user testing. Motivation can vary among collaborators and it can be hard to agree on goals. Personal interpretations of concepts can differ even unnoticed. This can lead to conflicts and prevent different collaborator roles to complement each other. The preliminary user tests expressed a need to find users with resembling learning aims to run coherent future experiments.
Discussion -Concluding remarks
The guidance automatically generated by a collaboration platform should enable enhancing each collaborator's creative output in accordance with the role they represent. In the future, the guidance could be extended to cover various aspects of ideation. The system could offer personal advice how to communicate most productively in the current context. This could deal with group cohesion, timing, goalorientation and distribution of tasks. Guidance could also help to elaborate other's ideas and to give feedback about them. The system could tell if immediate or postponed criticism would be needed to maintain fertile ideation process.
We are planning to perform extensive user tests that could evaluate our proposed scheme in various educational contexts. We are interested in extracting statistical and causal correlations in the activity patterns of persons representing different collaborator roles. Besides individual analysis, we are planning to examine interaction patterns between collaborators and how they accumulate their knowledge together. This could enable new ways to support characteristics of each pair-wise communication in a group. Identifying general principles of interaction patterns could also provide insight about evolution of ideas in dialogue threads.
One aspect of collaboration that requires specific emphasis in future systems is delivering a balanced ideation session that exploits available resources in a convergent fashion. Furthermore, forming synthesis and finding mutual agreement of ideas could be assisted by proposals initiated by the system when certain collaboration patterns indicate that time is right for that. Note however, that we do not expect the system to be able to evaluate ideas itself using any text analysis in the near future. The guidance generated by platform should be based solely on the activity patterns of collaboration. Thus collaborators should remain responsible about the factual content for the time being.
Many traditional collaborative ideation techniques have been based on following some strict rules. However this may not take well into account the constantly evolving dynamics of a group and how the goals change through intermediary steps. The proposed scheme tries to enable the creative resources of the group and its members to flexibly adapt and respond to the impulses gained in the flow of ideation. Therefore, the scheme does not give strict constraints for the group activities although it makes the process rather fuzzy. Anyway, in all creative work one needs to accept some uncertainty and leave room for spontaneity.
Present theories concerning the principles dictating the personality and collaboration are still ambiguous and thus it can be advisable not to get too fixated on any single theory that tries to explain these processes. For example neuroscience accompanied with computational simulations can possibly relatively soon verify some theories of human thinking and to disqualify some others. Thus, for time being it might be important to focus research efforts on general techniques that could hopefully be applicable what ever specific theories prove to be valid in the long run.
A breakthrough in collaboration theories might also come from finding new kind of transformations or mappings between individual patterns of ideation. Besides ideation, collaboration practices need to be explored on even wider scale. For example, domains of creative problem solving, problem-based learning and decision making can offer useful application areas for new innovative collaborative schemes.
